As part of the diagnosis related groups in Europe (EuroDRG) project, researchers from 11 countries (i.e. Austria, England, Estonia, Finland, France, Germany, Ireland, Netherlands, Poland, Spain, and Sweden) compared how their DRG systems deal with patients admitted to hospital for acute myocardial infarction (AMI). The study aims to assist cardiologists and national authorities to optimize their DRG systems.
Introduction
DRGs are diagnosis-related groups of patients. 1 They were originally developed in the 1970s by a group of researchers around Robert Fetter at Yale University in an attempt to define 'hospital products' and to enable the measurement of what hospital actually do. 2, 3 The basic idea of Fetter 4 was to condense the confusingly large number of different (individual) patients treated by hospitals into a manageable number of (i) clinically meaningful and (ii) economically homogenous groups. Consequently, every DRG is characterized by certain clinical characteristics, e.g. certain diagnoses and/or procedures, and by a specific DRG weight, which is a measure of the average costs of treating patients falling into that DRG. 5 Diagnosis-related groups enable assessments of hospital activity, which are often called performance assessments, and they allow comparisons of costs, which otherwise would not be possible. 4 For example, hospital (or departmental) activity can be assessed by calculating the casemix, i.e. the sum of all DRG weights 'produced' by a hospital (or department) during a given period of time; and treatment costs can be compared for similar patients-those falling into the same DRG. In addition, Medicare in the USA soon came to realize the potential of DRGs (as definitions of hospital products) for payment purposes, and introduced the first DRG-based hospital payment system in 1983. 2 Since then, DRGs have been adopted in most high-income countries around the world, 6 albeit with different purposes. 7 In some countries, e.g. Sweden and Finland, DRGs mainly serve as the basis for performance comparisons and benchmarking; in others, e.g. England, France, and Germany, DRGs are primarily used for hospital payment. Furthermore, considerable differences exist between countries in the combination of DRGs with other payment components, the methods used for the calculation of DRG weights, 8 and the payment adjustments for structural characteristics of hospitals or for regional differences in costs. 9 However, irrespective of the specific purpose of a DRG system, it is essential that the defined groups of patients are sufficiently homogenous in terms of treatment costs. Otherwise, performance comparisons on the basis of DRGs do not adequately control for differences between patients within the same groups; and reimbursement for a large number of patients is not appropriate; it can be either too high or too low. Diagnosis-related groups are defined by patient classification systems (PCS)-i.e. DRG systems-which classify treatment cases into DRGs on the basis of classification variables such as diagnoses, procedures, and demographic characteristics. [Even though some systems do not define DRGs in the strict sense of the word (that is groups are not diagnosis related), this article uses the term DRGs to summarize all groups of patients defined by DRG systems or similar PCS.] To assure homogenous groups of patients, DRG systems need to consider the most important determinants of resource consumption as classification variables.
In many countries, professional medical associations, specialist experts or consultants formally participate in the process of selection, definition, and update of classification criteria via committees, expert hearings or consultations. 10 -12 Recently, Häkkinen et al.
13
found that DRG-based hospital payment systems for acute myocardial infarction (AMI) patients could possibly be improved by incorporating additional disease-specific classification variables. Therefore, it is important that cardiologists are aware of how their respective patients are classified by their DRG systems in order to assess whether the classification variables adequately reflect differences in the complexity of treating different groups of patients using different techniques. Comparative analyses of how countries' DRG systems classify patients can help cardiologists to scrutinize national standards of classification against European equivalents in order to identify potential scope for improvement.
14 This study performs a comprehensive assessment of DRG systems across 11 European countries and has three main objectives: (i) to assess classification variables and algorithms used to group patients with AMI into DRGs; (ii) to compare variations in DRG weights; and (iii) to determine DRGs and hospital quasi prices for six standardized case vignettes of AMI patients with different combinations of demographic, diagnostic, and treatment variables.
Materials
Definition of episode of care and acute myocardial infarction index case Similar methods have been reported previously for other episodes of care (EoC). 15 -17 As part of the EuroDRG project, researchers from 11 European countries (i.e. Austria, England, Estonia, Finland, France, Germany, Ireland, the Netherlands, Poland, Spain, and Sweden) agreed upon a common definition for an AMI EoC. The definition was based on the International Classification of Diseases 10th edition (ICD-10) for diagnoses and ICD-9 Clinical Modification (ICD-9CM) for procedures and is presented in Table 1 .
Researchers from each country translated the definition into national codes for diagnoses and procedures considering available mappings from the Hospital Data Project (HDP) if applicable. 18 An AMI index case was defined to facilitate comparisons of relative resource intensity of DRGs within countries (see below). The index case is characterized by the most common patient and treatment characteristics of uncomplicated AMI cases in hospitals across the selected countries. 19 
Data sources
In each country, researchers identified national or regional hospital databases and obtained access to all information necessary for the purposes of this study. National researchers extracted the number of AMI cases and the corresponding DRGs from the databases for each country. conforming to our definition ranged from 3400 cases in Estonia to 202 800 cases in Germany, while the rate per 100 000 inhabitants ranged from 109 in France to 366 in Sweden.
Analysis of patient classification systems
National researchers performed detailed comparative analyses of classification variables and grouping algorithms of national DRG systems 20 -28 for the most frequent DRGs, i.e. those DRGs that individually contained at least 1% of all AMI cases in the relevant database. Grouping algorithms were mapped graphically to facilitate comparisons between systems. To compare the national measure of DRG weight (i.e. cost weight, score, tariff) of individual DRGs within and across countries, a DRG weight index was calculated with the DRG containing the index case (compare Table 1 ) assuming a value of one. The index score of all other DRGs was calculated by dividing the national measure of DRG weight of each DRG by that of the index DRG.
Diagnosis-related groups and hospital quasi prices
For the comparison of variations in hospital price levels between countries, six standardized case vignettes of patients with different combinations of primary and secondary diagnoses, procedures, discharge status (dead or alive), and length of stay were defined in addition to the index case ( Table S1 . All patients were specified to be 70 years old and to be treated as inpatients.
b
Patients with 'no relevant complications' may well have one or multiple secondary diagnoses. However, these diagnoses are not relevant for the grouping of patients into DRGs. BMS, bare metal stent; DES, drug-eluting stent; LOS, length of stay; NSTEMI, non-ST elevated myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevated myocardial infarction; VSD, ventricular septal defect.
were specified that are relevant for the classification of patients and reimbursement of hospitals in at least one country but not in all other countries. Patient and treatment characteristics of case vignettes were varied in order to show the impact that different variables have on the classification of and reimbursement for different types of patients. Patient 1 receives only medical treatment, while Patients 2-6 receive invasive diagnostic and therapeutic interventions of increasing intensity. Patients 1 and 6 die shortly after admission, while all other patients are discharged alive after an increasingly long length of stay (from Patient 2 to Patient 5). The index case and Patients 1-3 were selected in order to illustrate more common combinations of patient and treatment characteristics. Patients 4-6 were selected to show how different DRG-based hospital payment systems take into account more complex cases, which can be particularly relevant for reimbursement. 29 National researchers grouped the vignettes into DRGs and ascertained quasi prices for each case vignette using an approach similar to that of Koechlin et al. 30 Quasi prices were calculated by converting national measures of DRG weight (i.e. cost weights, average tariffs, scores-taking account of outlier deduction/add-ons or additional payments where possible) into monetary values using national conversion rates. If necessary, prices were deflated to year 2008 national currency using national GDP deflators, 31 and converted to Euros using average currency exchange rates for the year 2008. In addition, the number of classification variables differs: The Austrian system differentiates only between certain types of procedures, when classifying AMI patients. In contrast, the French system differentiates (i) primary diagnoses (concerning the time since onset of symptoms), (ii) procedures, (iii) level of complications or comorbidities (CC), age groups, (iv) with or without death during admission, and (v) length of stay.
Characteristics of classification variables
In all DRG systems, treatment characteristics, i.e. cardiologic procedures dominate the grouping algorithm. Most importantly, all systems identify patients treated with percutaneous coronary intervention (PCI). Some DRG systems, i.e. the English HRG system, the German (G)-DRG system, the Dutch DBC system, and the Polish JGP system, further, differentiate whether treatment involved more than one stent (Germany, Poland), more than two stents (England), or more than one vessel (Netherlands). Furthermore, some systems have specific DRGs for drug-eluting stents (DES), i.e. the Austrian LKF system, the Polish JGP system, and the AP-DRG system used in Spain. All DRG systems except for the Estonian version of NordDRGs and the AP-DRG system (Spain) use invasive cardiologic diagnostic evaluation as a classification variable. Finally, certain countries, e.g. England and Germany have further procedural classification variables, such as pain management procedures in England or the duration of mechanical ventilation in Germany.
Most DRG systems use a primary diagnosis of AMI as a classification variable after having considered certain procedures. Only the English HRG system and the Polish JGP system do not require a primary diagnosis of AMI for the classification of patients with cardiologic procedures. The Netherlands and Poland are the only countries distinguishing between patients with ST-segment elevation and those without.
The presence of relevant secondary diagnoses, i.e. CC, influences the classification of patients in most countries. Age plays a role in the classification process of some systems (i.e. England, Germany, Poland, and France). Death or death during the first days of admission is considered a classification variable in all DRG systems included in Figure 2 . The length of stay is relevant for grouping cases into DRGs only in France and Finland, though it is considered for outlier deductions or additional payments in a number of other countries such as England, Germany, France, and Austria. 9 Distribution of acute myocardial infarction cases and variation in relative resource intensity In most countries, the majority of AMI cases is grouped into the highlighted index DRG (in Figures 1 and 2 ) containing the index case, i.e. patients without invasive procedures. In England, almost 68% of patients fall into the index DRG (EB10Z), while in all other countries, the index DRG accounts for 50% of AMI patients or less. However, in Poland, Estonia, and France, the Acute myocardial infarction and DRGs most populated DRGs are for patients treated with PCI. In France, the most populated DRG containing 26% of cases has a DRG weight index score of 1.55, implying that hospitals receive a 55% higher reimbursement for these patients than for the index case. In Poland, the most populated DRG ( 36% of cases) has a DRG index score of 6.6. In Estonia, 46% of cases are grouped into a DRG with a DRG weight that is 11 times higher than that of the index DRG.
In Austria, England, and Ireland, the DRG with the highest weight has a DRG weight index score below or close to 2, indicating that these systems do not systematically account for cases that are more than twice as resource intensive as the index case. In Germany, Finland, Sweden, France, and Spain, the highest valued DRG has a DRG index score between 2.6 and 3.7.
Diagnosis-related groups for patients treated with PCI always have DRG weights higher than that of the index case. However, the size of this difference varies considerably. In England, the DRG for patients with PCI, having received 0 -2 stents, and no subsequent angiography (HRG EA31Z) has a DRG weight index score of 1.18. In France and Germany, patients with PCI would be grouped into DRGs with a DRG weight index score of at least 1.38 in Germany (DRG F52B) and 1.46 in France (GHM 05K061). As mentioned above, in Estonia and Poland, PCI DRGs are associated with much higher DRG weights.
Interestingly, in Austria, England, and France, DRGs for patients who receive invasive diagnostic procedures (MEL21.01E in Austria, EA36Z in England, 05K101 in France) have a DRG weight below that of the index DRG, implying that hospitals would receive higher reimbursements if they did not perform these procedures. Furthermore, in England, a DRG for patients receiving certain pain management procedures has a DRG weight that is only about half the size of the index DRG.
In all countries taking into account secondary diagnoses in the classification of patients, DRGs for patients with CCs are always associated with much higher DRG weights than DRGs for similar patients without CCs. Table 4 shows a comparison of DRGs and hospital quasi prices for the index case and the six case vignettes under the assumption that hospital payment would be exclusively based on DRGs. For each case vignette, the first column specifies the DRG into which a case vignette patient would be classified, while the second column shows the corresponding quasi price. 30 Partially reflecting differences in terms of GDP per capita, 31 the quasi price of the index case varies substantially across countries, ranging from E420 in Poland to E7930 in Ireland. However, countries that pay a higher price for one patient do not necessarily pay a higher price for all types of patients. For example, hospitals in England would receive much higher payments than hospitals in Germany for a patient with no comorbidities, treated with PCI and a single-bare metal stent (BMS) and who is discharged alive after 10 days (Patient 3). However, hospitals in Germany would receive much higher payments than hospitals in England for a 70-year-old patient with AMI and multiple comorbidities who is treated with PCI and multiple DES and who has a subsequent angiography but dies after 2 days in hospital (Patient 6). (see Supplementary material online, Figure S1 facilitates these kinds of comparisons by presenting the results of Table 4 using a quasi price index score, which compares hospital quasi prices within countries for each patient to the quasi price for the index case.)
Diagnosis-related groups and hospital quasi prices for case vignettes
In addition, Table 4 shows that countries award the highest payments for different kinds of patients. For example, in Austria, and Germany, hospitals would receive the highest payments for patients treated with multiple DES (Patients 4 and 6), with marginally higher payments for Patient 6 who has multiple comorbidities and who is evaluated with subsequent angiography. In contrast, in England, Ireland, and Poland, quasi prices are highest for Patient 5 who is treated with multiple BMS and has a very long length of stay (see Supplementary material online, Figure S1 ).
Interestingly, Austria, England, and Estonia pay a quasi price for Patient 2 (no secondary diagnoses, evaluated with angiography) that is below the quasi price for the index case, while Poland and Ireland pay quasi prices that are almost equivalent to those for Patient 3 who is treated with PCI and a BMS. Furthermore, in Estonia and Poland, quasi prices increase up to 11-fold for patients treated with PCI when compared with patients treated without PCI.
Discussion
This is the most comprehensive comparative analysis of grouping algorithms, classification variables, and (quasi) prices for AMI patients in different DRG systems in Europe. It shows great variation across countries: (i) in the number of DRGs used to classify AMI cases; (ii) in the characteristics of classification variables; (iii) in the degree of differentiation between DRG weights for complex and less complex cases; and (iv) in the quasi prices for different types of patients (case vignettes).
As DRGs are used to assess the activity (performance) of hospitals (including that of cardiologists) and to determine hospital payment, 9, 33 it is important that DRG systems consider the most appropriate classification variables and define as many groups as necessary to assure that performance comparisons and hospital payments are fair. 34 However, at the same time, DRG systems must avoid providing unintended incentives that carry the danger of distorting decision-making towards more invasive treatment than clinically indicated. Given the identified large variation between DRG systems for the classification of AMI patients, it is possible that some systems use classification variables that would improve the classification of patients also in other countries. Cardiologists can influence decisions about how to define classification variables in their roles as advisors to national authorities responsible for defining and updating the DRG systems of their countries. 10 -12 International comparisons can provide a useful new perspective when thinking about how to improve an existing DRG system. Yet, before drawing conclusions on the basis of this study's findings, limitations of our data and methodology need to be considered. First, the data that were used to identify patients and to assess the relative importance of different DRGs in different countries, originated from routine inpatient databases in 11 countries, which have a number of drawbacks when compared with registries. 35 For example, as highlighted by the HDP, 18 there are differences in coding practices across countries, and the quality of data is not always comparable. Furthermore, coding practices may be influenced by the characteristics of the country-specific DRG system, which may provide incentives for increasing coding efforts or even manipulating coded data in order to increase reimbursement ('upcoding'). 9 In addition, differences exist in the coding systems used across countries. Most countries included in our study use a country modified version of ICD-10, while Spain uses ICD-9-CM codes. Yet, this should not be particularly problematic for our study as our definition of the AMI episode of care was based on the International Shortlist of Hospital Morbidity Tabulation (ISHMT), which also provides mappings from ICD-10 codes for AMI and their translation into ICD-9-CM. Secondly, differences in hospital payment systems between countries complicate comparative analyses of payment levels ( Table 4) . On the one hand, different countries set DRG-based payment rates at different levels as they include different cost categories. For example, in Germany, fixed capital costs are not included in DRG-based payment rates, whereas in most other countries, DRG-based payment rates include capital costs. 30 On the other hand, different systems of additional payments exist, e.g. England assigns additional ('unbundled') HRGs for intensive care unit treatment ('critical care'), 36 and Poland and Austria have additional per-diem-based payments for stays in intensive care units. Furthermore, the Netherlands and Finland have several DRGs per hospital stay, each leading to additional DRG-based payments. In Finland outlier limits and associated outlier reimbursement differ between hospital districts. Last but not least, DRG-based payments are adjusted in several countries to account for differences between hospitals or regions. Therefore, the absolute price levels should not be directly interpreted as reflecting more expensive care in one country compared with another. However, relative price levels within countries that were used for comparisons in Figure 1 , Figure 2 and Supplementary material online, Figure S1 should be less affected by differences in payment systems as they were always compared with the in-country DRG index case. Thirdly, as we limit part of our comparative analysis to DRGs that account for at least 1% of cases ( Figure 1, Figure 2 ), we partially neglect how different systems deal with rare outliers, which may, however, be particularly relevant for reimbursement.
Finally, although there are European guidelines for the management of AMI patients, 37 ,38 large disparities exist in clinical practice across countries. For example, .80% of AMI patients in Germany are treated with primary PCI, while this number is ,25% in England. 35 In addition, coded patient characteristics differ considerably: The percentage of ST-elevated MI (STEMI) ranges from 24% in Sweden to 77% in France, and there is a large variation in the presence of (coded) comorbidites. 19 Therefore, it is possible that differences in DRG systems between countries reflect some of these disparities. However, there is no apparent relationship between differences in (coded) clinical practice and DRG system design. patients treated with PCI (0-2 stents, without subsequent angiography, i.e. HRG EA32Z) than for those without PCI (see Figure 1) . In contrast, hospitals in Germany and France would receive 1.4 and 1.5 times higher reimbursements, respectively, for PCI compared with no PCI; and in Estonia, hospitals receive 11 times higher reimbursements for PCI compared with no PCI. It is at least conceivable that the lower reimbursement for PCI in England is one of the reasons for the lower rate of PCI in England (15%), when compared with Estonia, Germany, or France (.40% in all of these countries, compare Figure 1 and Figure 2) . Thirdly, DRG-based hospital payment systems in Austria, France, Germany, Poland, and Spain differentiate between patients treated with DES and BMS, either by classifying cases into specific DES DRGs (Austria, Poland, and Spain) or by providing additional payments for DES (France and Germany). Current ESC guidelines on myocardial revascularization 44 recommend that DES should be 'considered by default in nearly all clinical conditions and lesion subsets'. However, a recent review by the Cochrane collaboration 45 concluded that 'the increased cost of drug-eluting stents and lack of evidence of their cost-effectiveness means that various health funding agencies are having to limit or regulate their use in relation to price premium.' Therefore, both strategies, either providing incentives for the use of DES or avoiding these incentives, appear to be justified. However, being aware of different choices in different countries can inform policy debates within countries.
Finally, the aim of any DRG system is to give a concise measure of what hospitals do. This measure is useful only if DRGs describe a sufficiently homogenous group of patients. 46 Therefore, quantitative research is needed to verify whether the most important determinants of cost are considered in different PCSs, and whether differences between systems reflect country-specific differences in treatment patterns. However, it is also important for cardiologists and other medical specialists to be aware of the significance of adequately designed DRG systems and to engage in optimizing these systems. Ultimately, this contributes to assuring adequate reimbursement for treated patients and fair comparisons of activity or performance on the basis of DRGs.
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